The spectrum of methyl isocyanide (CH3NC) has been measured in the region from 2148 cm" 1 to 2179 cm ~1 using a tunable diode laser spectrometer employing a newly designed signal averaging technique. The P-, Q-and R-branch lines of the v2 fundamental band have been assigned for values of J <25, K< 12. Molecular constants for the v2 state have been determined including the quartic centrifugal distortion parameters.
Introduction
Methyl isocyanide is the simplest isocyanide which is stable under laboratory conditions, and is spectroscopically of interest as a reference molecule for many other stable and unstable isocyanides. For the ground vibrational state the molecular constants are known very accurately. Several low lying vibrational states have been studied in detail from their microwave spec tra [1] . However for the high energy state o2 = l (2166 cm-1) the spectroscopic knowledge is scarce. Low resolution spectra of the CH3NC fundamental bands were reported by several authors, e.g. Thomp son and Williams [2] , Williams [3] , Thomas, Leisegang, and Thompson [4] , These spectra, however, lack the resolution required to extract from them reliable upper state molecular constants.
Inspection of the ground state centrifugal distortion constants, in particular DJK = 7.56 • 10"6 cm-1, re veals that the expected K-structure which accompa nies each J transition in the v2 band is very tight and can only be resolved by high resolution spectroscopy. Consequently the low resolution work stands no chance to resolve the important /C-structure. In addi tion the v2 band is confused by at least two overlap ping hot bands of the v8 bending mode. Thus only few transitions were assigned from the low resolution spectrum, leading to an approximate band center de termination and B' -B".
In the present work the v2 band, i.e. the N-C stretch ing mode, of CH3NC was recorded with Doppler lim ited tunable diode laser (TDL) spectroscopy in the 1 This work was supported in part by the Deutsche For schungsgemeinschaft, SFB-301. Reprint requests to Dr. K. M. T. Yamada, I. Physikalisches Institut, Universität zu Köln, D-5000 Köln 41, West Germany. region between 2148 cm-1 and 2179 cm-1. The rota tional K-structure of the individual J transitions of the v2 vibration has been resolved. Consequently, the molecular constants of the v2 state have been deter mined completely by fixing the ground state constants to values obtained by a microwave study of Gondon [5] .
Experimental
The CH3NC sample was prepared by the reaction of N-methyl-formamide with a solution of p-toluenesulfochloride (toluene-p-sulphonyl chloride) in Quinoline [6] .
The spectrum was recorded using a conventional TDL spectrometer from Laser Analytics, Model LS-3. For data processing, a computer controlled signal averager, which was originally developed in our labo ratory for the data acquisition of the acousto optical spectrometers [7] used for interstellar spectroscopy, was redesigned for the needs of TDL spectroscopy. Here the spectroscopic data are stored in 2048 chan nels. Every 4.4 ps the detector signal is digitized and added to the value of the corresponding channel in the averager's storage unit. Then the diode current is in creased by a channel fraction of a scan of typically 0.5 cm-1. In about 9 ms a complete scan is recorded, and after a deadtime of 1 ms a new scan is started.
To maintain the spectral resolution while averaging, the thermal drifts of the laser control electronics (La ser Analytics LCM, CTS) must be sufficiently low. In the fast scan mode the width of the etalon fringes, which is typically 70 MHz, was observed to be broad ened at a rate of 230 kHz for 1 min averaging. This is surprisingly stable comparing with the 10 MHz long 0932-0784 / 89 / 0600-04 9 5 $ 01.30/0. -Please order a reprint rather than making your own copy. interfaces between the system and monitoring instruments like oscilloscops (OSC). Using a D/A converter (DAC), a saw-tooth signal is generated to scan the laser frequency parallel to the processing timing. After integration the averager data are submitted to a microcomputer (pP) to save them on floppy disk.
term thermal drift which was measured for a TDL spectrometer without scanning [8] . Under the present conditions integration times of several minutes could be achieved, and consequently averaging over tens of thousands scans was possible. As a relative frequency scale a confocal Fabry-Perot interferometer (FPI) was used, which was constructed in our laboratory [9] with a free spectral range of about 0.01 cm-1. Absolute frequencies were obtained by using NNO as a reference gas (see Figure 1 ). In this range the NNO line frequencies are known with an accuracy of around 10"4 cm_1 [10] . Spectra of the sample gas, of FPI, and of the calibration gas were measured sequentially. The spectra were stored on the floppy disk of a dedicated laboratory computer and were then transferred for further analysis to a Micro VAX II computer. With the help of FORTRAN pro grams, line positions were found and calibrated with an accuracy of 3 • 10-4 cm-1.
Assignment and Calculations
The energy levels of a prolate symmetric top mole cule like CH3NC are given by where A and B are the rotational constants and Ds, djk > Ac ^e centrifugal distortion constants. Gv repre sents the vibrational energy. The v2 band of CH3NC, which is studied in this paper, is due to the N-C stretching vibration, forming a parallel band spectrum with P-, Q-and R-branch of AK = 0. In the work of Thomas et al. [4] the spectra have been recorded with a grating spectrometer at a resolu tion of 0.15 cm-1, just barely sufficient to recognize the rotational structure. However the main problem Table 3 . The observed and calculated wave numbers of the v2 lies in confusion caused by overlapping hot bands. We have therefore decided to use the high resolution capability of our diode laser system to rcmcasurc the v2 band of CH3NC, with the result that in the ob served region the individual J lines of the fundamental band are well separated from the hot band lines. In addition, each J line is accompanied by the K-struc ture, typical for symmetric top spectra. Within the Doppler limited resolution of our spectrometer, the K-structure has been partially resolved for the R-M.W. Markus et al ■ IR Spectrum of CH3NC v2 Band band of CH3NC in cm"1. Fig. 3 for R-and P-branches respectively.
Where it is resolved, the A'-structure could easily be assigned from the K2 dependence of the center fre quencies of lines for a given J and the typical intensity pattern due to the different nuclear spin statistical k=3 'Qk(J) 
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weights associated with K = 3, 6, 9,... lines. For the first step, the resolved R-branch was identified and analysed, and then the P-and Q-branches have been assigned by a bootstrap procedure (see Figure 4) . Altogether 142 transitions with proper weight have been used to fit the six parameters v0 ( = G'V -G'L '), A' -A", B', D'j, D ' jk , Ac -Ac with a least squares method. Here the ground state constants B ", Dj , and DjK were fixed to values obtained by a microwave study [5] . The standard deviation of the presented fit is 5.8 • 10~4 cm "1. The obtained parameters are listed in Table 1 , and the transitions with non zero weights for the fit are listed in Table 2 .
Discussion
The v2 fundamental band of CH3NC shows a very compact K structure. Where it is resolved, the K com ponents exhibit a regular pattern. The agreement be tween the observed and calculated frequencies is satis factory for a fit over 142 partly overlapping transi tions. Therefore we can conclude that there is no sig nificant perturbation in the observed frequency range; the N-C stretching vibration seems to be a free and undisturbed motion isolated from the other mode. It shows a strong contrast between the methyl iso cyanide and methyl cyanide. The C-N stretching mode of methyl cyanide was found to be strongly perturbed by recent diode laser studies [11, 12] . Com plicated hot band structures were observed with fairly strong intensity. These lines have not yet been identi fied. This work also presents an example for the applica tion of a fast signal average technique to the TDL spectrometer for a high resolution molecular spectros copy.
